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Its limited shelf life is one of the important restrictions in the trade of eggplant as a fresh product. Dehydration constitutes an alternative method to provide more stable eggplant products, which may be shipped to foreign markets or used the whole year round (Puig et al. 2012 ).
Microwave energy offers several benefits compared to conventional heating methods, including speed of operation, energy savings, precise process control and quicker start-up and shut down times (Botha et al. 2012) . A low microwave power may lead to a low drying temperature and a slow drying rate; while a high microwave power may lead to an undesirable high temperature, may enhance the uneven distribution of the microwave energy, and may damage the quality of the final product (Li et al. 2010) . Therefore, microwave-drying method has been applied successfully to some food materials such as: bell-pepper (Arslan, Ozcan 2011) and fig (Sharifian et al. 2012) .
Artificial neural networks (ANNs) have high learning ability and capability of identifying and modelling the complex non-linear relationships between the input and the output of a drying system (Nazghelichi et al. 2011a) .
The main goal of this paper was to study kinetic modelling of the drying process and computes the effective moisture diffusivity, activation energy and specific energy consumption in eggplant fruit under Drying characteristics of eggplant (Solanum melongena L.) slices under microwave-convective drying microwave-convection drying. Also, the aim of this research is to develop and evaluate the feed and cascade forward ANN topologies as an approximating tool for prediction of moisture diffusivity and energy consumption performance of microwave-convection drying process.
MATERIAL AND METHODS
An experimental convective-microwave dryer was designed and implemented. By this device three parameters of air temperature, air velocity and microwave power were controlled. Eggplant fruit with average initial moisture content of 10.25% (d.b.) was chosen as the drying material. Experiments were conducted at input air temperatures of 40, 55 and 70°C. Three air velocity values of 0.5, 1.1 and 1.7 m/s were adjusted at each temperature. A programmable domestic microwave oven (R-I96T; Sharp, Bangkok, Thailand) with max. output of 900 W was used for drying experiments. This oven was equipped with three power levels of low (270 W), medium (450 W), and high (630 W).
The drying rate (DR) of eggplant fruit samples during drying experiments was computed using Eq. (1) and expressed as g (water)/g (dry solids) h (Demiray, Tulek 2012) : ) and root mean square error (RMSE) were used to determine the quality of the fit (Amiri Chayjan, Kaveh 2014).
Fick's second equation of dissemination was used to calculate the effective moisture diffusivity (Revaskar et al. 2014) :
where: MR -moisture ratio; n = 1, 2, 3... 
where: E a -energy of activation; R g -universal gas constant (8.3143 kJ/mol); T a -absolute air temperature (K); D 0 -constant Specific energy consumption (SEC) for convective and microwave drying of eggplant fruit slices was calculated using the following equation (Amiri Chayjan et al. 2015) : Feed (FFNN) and cascade (CFNN) forward neural networks were utilized in this study. There are two types of multi-layer perceptron (MLP) neural network. Two training algorithms including Levenberg-Marquardt (LM) and Bayesian regulation (BR) algorithms were used for updating network weights (Demuth et al. 2007 ).
Network topologies with three neurons in input layer (input air temperature, air velocity, microwave power and drying time) and two neuron in output layer drying rate (DR) and moisture ratio (MR) were considered. Topology and connection weights between input and output parameters of the network are indicated in Fig. 1 . Data analysis was accomplished using neural network toolbox (Ver. 5) of Matlab software. Three transfer functions such as sigmoid (logsig), logarithmic (tangsig), and linear (purelin) were employed to achieve the optimized network structure. Mean square error (MSE) and mean absolute error (MAE) were utilized to minimize the training error.
RESULTS AND DISCUSSION
The moisture ratio fitted to six thin-layer drying models (Table 1 ). The statistical results from models are summarized in Table 3 . The effects of drying temperature, air velocity and microwave power on drying rate of the eggplant slices are given in Fig. 2 . Drying rate showed an increase at the beginning of the process due to sample heating. After an initial short period, the drying rate reached a maximum value and then it followed falling rate in all drying conditions. No constant drying rate period was observed. Drying rate at the beginning of the process was affected by air velocity, especially at the temperature of 70°C, which implies that evaporation initially took place at the surface and was therefore more directly affected by air velocity. The initial surface evaporation was gradually replaced by evaporation front that receded to the interior of the solid. The predominance of air velocity was therefore succeeded by the moisture diffusion -10 -9 m 2 /s for food materials (Doymaz 2012 ). This is due to an increased heating energy, which 
where: w -microwave power (W); v -the air velocity (m/s); T c -air temperature (°C)
Activation energy was calculated for each value of air velocity and microwave power (Table 4) . The activation energy (E a ) of eggplant slices was 13.33 to 17.81 kJ/mol calculated. It is in the range of 12.7-110.0 kJ/mol for most food materials (Aghbashlo et al. 2009) . Also E a value of apricot fruit varied from 29.35 to 33.78 kJ/mol at different values of air velocities (Mirzaee 2009 ). Fig. 3b shows the specific energy consumption (SEC) values at different amounts of convectivemicrowave drying of eggplant fruit slices. The maximum value of SEC (194.37 MJ/kg) was achieved at air velocity of 1.7 m/s with drying air temperature of 55°C and microwave power of 630 W. The minimum value of SEC was obtained (86.47 MJ/kg) while air velocity, air temperatures and microwave were 0.5 m/s, 70°C and 270 W, respectively. Similar results were reported for tomato (Ruiz Celma et al. 2012) . Relationship between specific energy consumption and input parameters is as follow: SEC = 142.08 + 7.10w + 33.65v -10.29T c w; R 2 = 0.9487 (8) The static artificial neural network (ANN) with different configuration of the learning epochs and number of neurons were applied for kinetics analysis of microwave-convection drying of eggplant slice using four inputs. Table 5 summarizes a list of the best neural network topology structures, threshold functions and different applied algorithms in predicting drying rate and moisture ratio for drying of eggplant fruit. The most applied topologies and threshold functions have proper training. The FFNN structure with 4 inputs, 7 neurons in the first hidden layer, 6 neurons in the second hidden layer and 2 neuron in the output layer has the lowest MSE (0.00011), MAE (0.02201 and 0.00927 for drying rate and moisture ratio, respectively) values and the highest R 2 (0.9748 and 0.9989 for drying rate and moisture ratio, respectively) values.
For the final selected ANN model, 4-7-6-2, the mean value of training MSE was lower than 0.00011. Ideally, the training MSE values should be close to zero, indicating that the model well learned the relationship among the input and output parameters. This again confirms that given sufficient hidden units, multi-layer feed forward neural network architectures can approximate virtually any function of interest to any desired degree of accuracy. Two hidden layers with an arbitrarily large number of neurons may be enough to approximate any function. Nazghelichi et al. (2011b) predicted the drying rate and moisture ratio of carrot cubes in fluidized bed drying with the highest R 2 = 0.9492 and R 2 = 0.9927 and the lowest MAE = 0.0098 and MAE = 0.0140 values in the test period, respectively.
CONCLUSION
Midilli et al. model was the best for predicting of the drying kinetics of eggplant slices. Effective moisture diffusivity was (1.52-3.39) × 10 −9 m 2 /s. The activation energy was (13.33-17.81) kJ/mol. The max. value of specific energy consumption was calculated at air temperature of 75°C, air velocity of 1.7 m/s and microwave power of 270 W. The best ANN model consisted of two hidden layers with seven neurons in 
